Implant failure and the immuno-incompetent fibro-inflammatory zone.
Biomaterial implants are surrounded by an immuno-incompetent, fibro-inflammatory, integration-deficient zone within which stimulation of cellular immune responses results in superoxide radical and cytokine-mediated tissue damage with increased susceptibility to infection or aseptic loosening. Three important questions that pertain to surgical implants are (1) What are the mechanisms that cause abnormal inflammatory responses in the absence of infection and result in interface cellular disorganization and device failure? (2) What causes host defenses to be compromised to the extent that normal flora organisms like Staphylococcus epidermidis, with little or no virulence potential, can cause life-threatening infections at the implant-host interface? (3) What is the nature of surface regions of biomaterials that facilitate bacterial adherence? Pathogenic strains of S. epidermidis and Staphylococcus aureus have an affinity for biomaterial surfaces and are capable of initiating infection. Binding may be nonspecific and glue-like rather than a receptor-ligand event as for S. aureus and matrix proteins. This study indicates bacterial binding to sites of higher vanadium concentration at grain boundaries and mixed phases in titanium alloys. Repeated macrophage priming by biomaterial particulates results in the production of reactive oxygen intermediates, macrophage exhaustion, and adjacent tissue damage. A cytokine cascade is also initiated. A self-perpetuating enlarging immuno-incompetent fibro-inflammatory zone develops about implants, which features tissue cell damage, increased susceptibility to infection, and results in septic or aseptic failure of the implant. These effects are clearly exemplified by fibrosis about breast implants and osteolysis at the interface of total joint replacements.